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In an attempt to increase breeding populations of American Kestrels (Falco 
sparverius) in Georgia, 402 nest boxes were erected in the Coastal Plain of Georgia 
beginning in 1994 through the spring of 1996. Nest box occupancy averaged 8% in 1996 
and 9.7% in 1997, two fold the average in 1995. Occupancy at Fort Gordon military base 
averaged 27.5% (28 of 102) in 1996 and 29 4% (30 of 102) in 1997 Nest box use in all 
other areas averaged 13% (4 of 300) in 1996 and increased to 3% (9 of 300) in 1997. 
Clutch sizes for nests fledging at least one kestrel averaged 4.6 eggs/nest in 1996 and 4 8 
eggs/nest in 1997. Success of all nesting attempts was 82 4% in 1996, but dropped to 
69% in 1997. In Fort Gordon, 22 of 28 (78.6%) attempts succeeded in 1996, whereas 
77.4% succeeded in 1997. Nests located in other areas excluding Fort Gordon succeeded 
100% in 1996, but dropped below half that to 45.5% in 1997. In 1996, 94 kestrels (76%) 
fledged and 93 (74%) fledged in 1997. Nests at Fort Gordon produced 81% of the total 
young fledged from all the boxes in 1996 and increased to 89% in 1997. On average, 3 5 
young fledged per successful nest in 1996, similar to 3.6 young that fledged per nest in 
1997. The sex ratio of banded young in 1996 was 52% males and 48% females, 
compared to 56% males and 44% females in 1997. Based on body size comparisons with 
Florida's population and the non-migratory habits of kestrels in this study, we believe the 
kestrels nesting along the Coastal Plains of Georgia are Falco sparvenus pauhts 
Introduction 
The lack of natural cavities, due to extensive logging practices or competition for 
nesting sites, has left many secondary cavity nesters, such as American Kestrels (I'tilco 
sparverius) with a lack of adequate housing to raise young and provide shelter from 
weather extremes and predators. Artificial nest sites are an alternative to natural sites and 
have proven to be successful in raising the populations of animals ranging from birds, like 
the Eastern Bluebird (Ehrlich et al. 1988), to mammals, like the bat (McComb and Noble 
1981). Artificial nest sites also have been beneficial in raising the populations of many 
species of raptors including Bald Eagles (Haliaeetus leitcocephalus), Ospreys {Pandioti 
haliaetus). Eastern Screech Owls (Olns asio), and American Kestrels (Stahlecker and 
Griese 1979). Nest boxes can dramatically increase breeding kestrel populations in 
Wisconsin (Hammerstrom et al. 1973), Utah (Stahlecker and Griese 1979), Missouri 
(Toland and Elder 1987), Iowa (Varland and Loughlin 1993), and in Georgia (Breen 
1995). 
American Kestrel (Falco spar\>erius) 
The American Kestrel is the smallest and most colorful of the diurnal raptors in 
North America. In some locations it is also known as the 'Killy Hawk', because of its high 
pitched 'killy, killy, killy' call. The kestrel was formerly referred to as the 'Sparrow 
Hawk', by European explorers, who erroneously thought the kestrel fed mainly on 
sparrow-sized birds like its European counterpart, the European Sparrow Hawk, Acapiter 
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nisus (Bohall-Wood and Collopy 1986). The American Kestrel's range includes North, 
Central, and South America where it is considered common (Johnsgard 1990) The kestrel 
is found in open savannas, farmlands, pastures, deserts, and occupies urban and suburban 
areas as well (Ehrlich et al. 1988, Johnsgard 1990). In the southeastern United States, 
studies have shown that the American Kestrel prefers open sandhill and longleaf pine- 
turkey oak communities (Bohall-Wood and Collopy 1986, Bohall-Wood and Collopy 
1987, Hoffman and Collopy 1987). 
The American Kestrel is a seasonal opportunistic predator feeding primarily on 
insects, small amphibians and reptiles in the spring and summer months, and small birds 
and mammals in the fall and winter months (Bent 1938) Open areas with short vegetation 
are critical foraging habitat for these falcons, which frequent pastures, mown hayfields, 
and open orchards (Smallwood 1988). Kestrels hunt using a variety of techniques 
including perch-hunting, flight-hunting, and hover-hunting (Collopy and Koplin 1983) 
The majority of hunting time is spent perch-hunting, where the main source of prey taken 
consists of invertebrates (Bohall 1984). Hover-hunting is done mostly when visibility is 
poor and increases in frequency with increases in ambient wind speed (Smallwood 1987) 
The kestrel is a secondary cavity nester, which uses abandoned nest cavities 
usually excavated by woodpeckers (Raphael 1987). However, kestrels have been 
documented to successfully nest in active and abandoned buildings, and power stations in 
Georgia (Breen 1995) and Florida (Stys 1993, J. Layne pers. comm ) The kestrel also 
readily uses nest boxes and this management technique has been successful in raising the 
population of breeding kestrels in areas where nesting sites were thought to be a limiting 
factor (Hamerstrom et al. 1973, Stahlecker and Griese 1979, J Smallwood pers comm ) 
In Florida, the American Kestrel begins courtship and pair bonding activities in late 
January and egg laying occurs in mid-May to June (Bohall-Wood and Collopy 1986) The 
kestrel can lay from three to seven eggs, but more commonly four to five eggs are laid 
The eggs are white, usually mottled with brown or lavender spots, and measure 
approximately 35 mm in length (Ehrlich et al 1988) The eggs are incubated by both the 
female and the male, hatch in 29-31 days, and the nestlings typically fledge in 30-31 days 
(Ehrlich et al. 1988). 
Three of the seventeen subspecies of American Kestrels are found in North 
America, where two of the subspecies Falco sparvenus sparvenus and I'alco sparverius 
paulus inhabit the southeastern United States (Johnsgard 1990). The subspecies F.s. 
sparverius is widespread in its range, breeding from Alaska southward through Canada 
into the continental United States just north and west of the breeding range of F.s. paulus, 
which breeds only in the southeastern coastal plains of the United States (Stys 1993) 
Falco sparverius paulus has been reported as a non-migratory resident, breeding in the 
southern portions of Louisiana, Mississippi, Alabama, Georgia, and South Carolina and 
throughout Florida (Johnsgard 1990, Stys 1993). The northern subspecies 
(F.s.sparverius) occurs in these same areas only as a migrant and winter resident 
(Johnsgard 1990). 
The two subspecies differ primarily in their migratory habits and size, although it 
has been documented that some variations in plumage occur between the two subspecies 
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(Brown and Amadon 1968, McFarlane 1973). F.s. pauhts has a lesser degree of spotting 
on the breast when compared to F.s. sparverins, especially in the male of the species 
(Brown and Amadon 1968). However, there is a considerable amount of variation within 
the subspecies, making spotting an unreliable characteristic for distinction (Foran et al 
1984). The tail and wings are shorter, but the bill is larger and heavier in /*..v. paulus 
(Bent 1961). According to Layne and Smith (1992), the male and female h'.s .paulus are 
24% smaller than adult F.s. sparverms based on birds they trapped and measured in 
Florida. 
The southeastern subspecies (F.s. paulus) is listed as threatened in Alabama 
(ANHP 1997) and Florida (Stys 1993). It is thought that the reason for the decline in the 
populations is due primarily to lack of adequate nesting habitat (Hoffman 1983, Foran et 
al. 1984, Stys 1993). The American Kestrel had been documented to nest in the state of 
Georgia as early as 1930 in Macon, Georgia as cited by Denton (1975). Additional nests 
were reported in subsequent years (Griffin 1939, Griffin 1940, Norris 1941, Tomkins 
1942, Burleigh 1958). Tomkins (1942, 1948) referred to the kestrels as 'Sparrow Hawks' 
and added that there are two 'races' found in Georgia, the "Little Sparrow Hawk" (F.s. 
paulus) as the only year-round resident that nested in the southern counties in Georgia and 
the Eastern Sparrow Hawk (F.s. span>erius) as a migratory species that inhabited south 
Georgia only in the winter. In 1906, it was reported that a F.s. paulus was collected by 
Thomas D. Burleigh as far north as Fulton County, Georgia (Tomkins 1942). In 1975 
Fred Denton reported a breeding pair of Little Sparrow Hawks in Richmond County, 
Georgia at the Fort Gordon military base and referred to it as the Little Sparrow Hawk 
(F.s. paiilns), and suggested that it was "an uncommon to rare breeding bird in Georgia" 
Denton (1975) also concluded that the Little Sparrow Hawk was apparently a more 
common species in the Middle Savannah Valley region in the past, and suggested that in 
the thirty-two years he had lived in Augusta, the Little Sparrow Hawk had been recorded 
during the breeding season only seven times in Richmond County Due to the high 
numbers of the winter migrant, F.s. sparverius, the kestrel has been thought to be 
common, but the subspecies F.s. paulus appears to be a subspecies of concern in the 
southeastern United States 
Nest Box Programs 
Due to an approximate 82% decrease in the population of resident kestrels in 
Florida reported by Hoffman and Collopy (1988), John Smallwood, while at the 
University of Florida in 1989, began a nest box project in an attempt to increase breeding 
populations ofF.s'. paulus. By 1993, a breeding population had been established which 
produced more than 350 fledglings (J. Smallwood pers comm.). In response to the lack 
of data on kestrel populations in Georgia, Dr. John Parrish and Mr Tim Breen working in 
conjunction with the Georgia Department of Natural Resources and Georgia Southern 
University, began a nest box project in Georgia in 1993 (Breen 1995) Data on kestrel 
populations was scanty and the Breeding Bird Survey (BBS) had few summer records of 
kestrels in Georgia (B. Peterjohn pers. comm.). In just two years, over 53 young kestrels 
had successfully fledged from the 200 boxes placed in southeastern Georgia (Breen 1995) 
The purpose of the present project was to continue trying to enhance the lot of breeding 
kestrels in the Georgia coastal plain, as well as to document and establish baseline data on 
() 
the reproductive success of breeding kestrels and monitor growth rates of nestling 
American kestrels in southern Georgia. 
Materials and Methods 
Nest Box Designs 
Nest boxes were constructed from rough cut cypress, pine, or cedar boards Four 
hundred thirty-one nest boxes were constructed using three different designs The general 
dimensions of the boxes were 23 x 23 x 37 5 cm (1 x w x h). All of the designs required a 
7.6 cm hole, most of which were placed approximately 25 cm from the bottom of the box 
Dr. John Parrish and Mr Tim Breen constructed 201 nest boxes using a 
modification of two published designs. One came from a design that Dr. John Smallwood 
used at the University of Florida (pers. comm.), and the other design came from Varland 
and Loughlin (1983), of the Iowa Department of Natural Resources The boxes were put 
together using 3 8-cm nails, wood glue, and 5-cm self-tapping wood screws The side 
panel acts as a door and was hinged by placing two #6d galvanized nails about 2 cm from 
the roof of the box. The nest boxes are accessible by pulling a nail located on the lower 
right corner of the front of the box and lifting the right side panel. The nail acts as a pin 
that locks into the right side panel of the box from the front (FIGURE 1) 
A design provided by the Environmental Division at Fort Gordon military base was 
used to construct 205 additional nest boxes (FIGURE 2). These boxes were accessible by 
removing one of the two wood screws located on alternate corners (i.e. upper right and 
lower left, or upper left and lower right) of the front of the nest box, allowing the front 
panel to swing open, permitting accessibility from the front, as opposed 
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to the side as in the former design. Forty boxes of this design were constructed and 
donated to the project by the Boy Scouts of America group in Atlanta 
Twenty-five additional boxes were arranged on the pole horizontally and the 
entrance hole was located at the back left corner of the bottom of the box (Figure 3) To 
check the box, it was necessary to open the side door. This particular design was 
implemented in an attempt to dissuade use by European Starlings (Stunms vulgar is), but 
was unsuccessful and no additional boxes of this design have been constructed for the 
project. 
Nest Box Placement 
Most of the nest boxes were erected in 1994 and 1995, but thirty additional nest 
boxes were erected in 1996 and 1997 in Fort Gordon and Fort Stewart military bases in 
areas that were presumed to be optimal localities for kestrel nesting. A total of 102 nest 
boxes are located on or near the Fort Gordon military installation (Columbia and 
Richmond Counties). Boxes also were placed along a transect from Girard (Burke 
County) south to Jesup (Wayne County), and across Georgia to Thomasville (Thomas 
County). Nest boxes were also placed along Interstate 16 highway signs north to Twiggs 
County, and west along GA96 to Fort Benning military base in Columbus (Chattahoochee 
County), and on US 25 from Statesboro (Bulloch County) north to Hephzibah (Richmond 
County). Nest boxes have also been erected at Fort Stewart military base (Bryan, Liberty, 
Long, Tattnell, and Evans Counties), Rogers Correctional Institute (Tattnell County), and 
Joseph Kennedy Correctional Institute Farm (Toombs County) (Figure 4) 
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Most boxes were placed approximately four to five meters from the ground on 
trees, utility poles, and road signs along roadways. The boxes were placed adjacent to 
pastures, open farmlands, hayfields, and sandhills, since these were areas that were known 
to be habitats preferred by kestrels. Approximately 3 cm of pine or cedar shavings were 
added to the bottom of the boxes to prevent any possible damage to the eggs as a result of 
the hardwood bottom. No wood chips were added to the boxes at Fort Gordon 
(Richmond County) in 1994 and as a result some eggs were broken (Breen 1995) 
Nest Box Monitoring 
Most nest boxes were monitored once a month beginning in February and ending 
in August. Some boxes were checked less regularly due to the fact that the boxes were 
less accessible or were inconveniently distant. The nest boxes were checked for kestrel 
eggs, young, or any visible signs that kestrels had used the boxes. Any use of the boxes 
was documented, no matter what animal was the occupant, and if nesting or young was 
present. If a bird was nesting in a box that had previously been occupied by kestrels, the 
nest was removed Flying squirrel nests and starling nests were removed when found, but 
only if no eggs or young were present. 
Once an established kestrel nest site was found the box was monitored regularly 
(i.e. weekly or biweekly) until hatching had occurred. Morphometric values were taken 
from the eyeasses and an age was determined using a photographic key by Griggs and 
SteenhofF(1993). Beak, tarsus, and toe measurements were taken using digital calipers 
accurate to 0.01 mm. Wing and tail measurements were taken using a straight metal ruler 
accurate to 1 mm. A digital scale (Ohaus), accurate to 0.1 g, and a spring balance were 
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used to obtain weight measurements. Measurements of wing and tail and feather 
emergence were useful in aging the nestlings, as well. 
Banding and Trapping Kestrels 
Young were banded after measuring, if the young were approximately fifteen days 
or older. Young kestrels under the age of fifteen days were measured and marked on a 
toe on the right or left leg to determine and record each nestling's identity and growth as 
development progressed. Size 3B US Fish and Wildlife bands were used in both 1996 and 
1997, in order for us to monitor the lifespan and track movements of the fledglings. Color 
bands were added in 1997 in order to better track movement and monitor parental pairs 
Not all young were measured or banded in both years due to unavailability of bands, bad 
weather, or the young fledging before we anticipated. Trapping was done using a bal- 
chatri trap Individual kestrels had been trapped in the past to verify that these birds were 
in fact year-round residents. 
Statistical analyses were done using a Macintosh computer with JMP 3 0 (1994), a 
statistics program produced by SAS. Means were considered significantly different using 
a 0.05 probability level. Growth measurement differences at different age intervals 
between sexes were tested using linear analysis. 
Results 
Nest Site Locations 
Of the 75 kestrel nesting sites in 1996 and 1997, 58 of the sites were located at 
Fort Gordon. All records of nesting that occurred in both years of the study in Fort 
Gordon were from those in nest boxes. Of seventeen nest sites located in areas other than 
at Fort Gordon in 1996 and 1997, thirteen were in nest boxes and four were located in 
man-made structures. 
Nesting that took place in man-made structures was observed and if accessible the 
nest was inspected; otherwise, observations were made visually with a spotting scope or 
binoculars. Two nests were located in the same sites, one in a power station and one in a 
hole in an old power pole and both nests were successful in 1996 (Appendix 1) and 1997 
(Appendix 2) One nest site was located in a metal crossbeam in a power station in 
Statesboro (Bulloch County) Due to the location of the nests, both observations were 
made visually so the number of eggs laid or hatched is unknown; however, it is known that 
at least one male and one female fledged from the nest in 1996 (Appendix 1) and 1997 
(Appendix 2). Another nest site was located in an old Pileated Woodpecker (Dryocopns 
pileatus) hole in a light pole at Plant Hatch Nuclear Power Station near Baxley, Georgia 
(Appling County). One of those nests was actually inspected and fledglings banded in 
1996, but it was only observed in 1997 
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Kestrel Nesting Chronology 
In 1996, the first egg of the breeding season was laid on 3 April 1996 at Fort 
Gordon, Georgia, and the first young fledged on 2 June 1996 (Appendix 1). The latest 
nest was also initiated in Fort Gordon, on 20 June 1996, and the young from that clutch 
fledged around 19 August 1997 (Appendix 1). 
In 1997, the first egg of the breeding season was laid on 7 March, at Fort Gordon, 
and the first young fledged on 10 May, almost a month earlier than the previous year 
(Appendix 2). The last nest of the breeding season was initiated on 7 June 1997, also at 
Fort Gordon, and the young fledged from that nest around 10 August 1997 (Appendix 2), 
Kestrel Nest Occupancy 
Of a total of 402 boxes, kestrels occupied 32 (8 %) boxes in 1996 and 39 boxes 
(9.7 %) in 1997, an increase of nearly two-fold above the overall nest use in 1995 (4 2 %), 
and a three-fold increase from 2.2 % use in 1994 (Table 1). In Fort Gordon, kestrels 
nested in 27.5 % and 29.4 % of 102 boxes in 1996 and 1997 (Table 1). In 1996, nests 
were initiated in 1.3 % of 300 boxes from other sites in the state, a three-fold increase 
from 1995 (0.4 %) (Table 1). Nest occupancy doubled to 3 0 % of the 300 boxes not at 
Fort Gordon in 1997 (Table 1). 
Kestrel Nesting Success 
Kestrels attempted to nest a total of 34 times in 1996 and 42 times in 1997 Nests 
were considered successful if at least one kestrel was fledged from the nest box. Nests 
were successful 28 times in 1996 (82.4 %) and 29 times in 1997 (69 %) (Table 2). At 
Fort Gordon, nesting success was 78.6 % (22 of 28 attempts) during 1996, similar to 77 4 
13 
% (24 of 31 attempts) in 1997 (Table 2). In 1996, nest sites located in other areas of 
thestate were successftil in six out of six attempts (100%), but were significantly lower, 45 
% (5 of 11 attempts), in 1997 (Table 2). Six unsuccessful nesting attempts were made in 
1996 consisting of a total of twenty eggs in which none of the eggs hatched (Appendix 1) 
Of the six attempts, four had complete clutches of eggs between three to five eggs The 
other two attempts contained one egg in the nests before the nests were abandoned In 
1997, 13 unsuccessful nesting attempts were made containing 50 eggs (Appendix 2) Two 
nesting attempts in 1997 hatched six young, but none of the young successfully fledged 
(Appendix 2). 
Kestrel Hatching Success 
In 1996, 27 nests produced 123 eggs, of which 112 (91.9%) hatched All 27 of 
the nests successfully produced at least one fledgling (Table 3). In 1997, 28 nests 
produced 135 eggs, of which only 105 hatched (77 8%) (Table 3). Of the 28 nests, 
twenty-six (92.9%) nests were successful in fledging at least one kestrel (Table 2). 
Hatching was considered successful if at least one egg hatched from a nest. In 1997 at 
Fort Gordon, two nests that had nestlings did not produce a fledgling One of those nests 
was abandoned after the newly hatched young died, and the other nest was depredated and 
all young were killed Fort Gordon's 22 nest sites in 1996 produced 100 eggs in which 93 
(93%) of those eggs hatched In 1997, however, 121 eggs were laid in 25 nest sites and 
only 95 (78.5%) of those hatched. Five nests, with 23 eggs that hatched 19 nestlings 
(82.6%) were found in other sites in 1996, whereas, three nests produced 14 eggs that 
hatched ten (71.4%) young. Overall, twenty-seven nest sites contained 123 eggs and 1 12 
14 
(91.9%) of those eggs hatched in 1996. In 1997, twenty-eight nest sites contained 135 
eggs and 77.8% (105) of those eggs hatched Overall, clutch sizes averaged 4 6 eggs per 
nest (Range 3-5) in 1996 and 4.8 eggs per nest (Range 3-5) in 1997 (Table 6) 
Kestrel Fledging Success 
A total of 94 (83.9%) kestrels fledged from successful nest boxes in 1996 Nests 
at Fort Gordon produced 81% (76 of 94) of all young fledged, whereas nests at other sites 
fledged 18 (19%) young. Fledging success, percentage of hatched eggs that produced at 
least one fledgling from the nest box, was 81.7% at Fort Gordon and 94 7% at other sites 
in 1996. In 1997, eighty-nine percent (93 of 125) of the young fledged from nest boxes 
Eighty-three (87.4%) of the young fledged from Fort Gordon and 10 (100%) fledged from 
other sites in 1997. On average, 3.5 young fledged per successful nest (Range 1-5) in 
1996, similar to 3 .6 young that fledged per successful nest (Range 1-5) in 1997 
Kestrel Growth and Development 
The hatchling kestrels were aged, marked or banded and measurements were taken 
on the tarsus, toe, beak, weight, wing, tail, and tail feather emergence. The measurements 
were split into two-day intervals, producing the following 28 groups: males 1-2 day(s) 
(n=7), 3-4 days (n=5), 5-6 days (n=8), 7-8 days (n=5), 9-10 days (n=3), 11-12 days (n=4). 
13-14 days (n=7), 15-16 days (n=15), 17-18 days (n=9), 19-20 days (n=3), 21-22 days 
(n=5), 23-24 days (n=14), 25-26 days (n=4), 27-28 days (n=6), and females 1-2 day(s) 
(n=4), 3-4 days (n=3), 5-6 days (n=7), 7-8 days (n=3), 9-10 days (n=5), 11-12 days (n=3). 
13-14 days (n=5), 15-16 days (n=6), 17-18 days (n=10), 19-20 days (n=7), 21-22 days 
(n=5), 23-24 days (n=9), 25-26 days (n=5), and 27-28 days (n=6) No significant 
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differences were found in growth of any of the measurements taken between sexes at 
different age intervals. In kestrels over the age of fifteen days, females were significantly 
larger in beak length (one-tailed test, t=3.69, p< 0.05), wing length (one-tailed test, 
t=2 09, p< 0.05), and in mass (one-tailed test, t=3.91, p< 0.05) measurements than males 
(Table 7). 
The young kestrels grew remarkably fast, achieving adult weights by the 15-16 day 
interval (Figure 9). Both the tarsus and toe lengths had grown to adult size by the 13-14 
day interval (Figure 6 and 7). By 23-24 days of age, the beak had grown to adult size 
The wings and tail apparently continued to grow after the birds had fledged, because the 
largest measurements we recorded for nestlings were about fifty millimeters short of the 
measured adult wing sizes. The rectrices and remiges began to emerge by the 11-12 day 
interval and proceeded to emerge approximately 1 cm per two-day interval up to fledging 
from the nest (Appendix 3) 
Discussion 
Our data clearly indicates that nest sites seem to be a limiting factor for the success 
of American kestrels in Georgia. The availability of suitable nest cavities, the abundance 
of adequate prey, and open habitat have been identified to be the most limiting factors for 
successful breeding of American kestrels throughout the United States (Balgooyen 1976, 
Johnsgard 1990). By providing kestrels with adequate housing in areas that also have 
open habitat with adequate prey, we have proved it is possible to increase the resident 
breeding populations of these birds in southeastern Georgia. Kestrel nest box programs in 
other states have also proven to be a success, such as in Florida (Hoffman and Collopy 
1988), Iowa (Varland and Loughin 1994), and Wisconsin (Jacobs 1995) The lack of 
suitable nesting sites seems to be the major limiting factor for the Southeastern American 
Kestrel in Florida, as well (Bohall-Wood and Collopy 1986, Loftin 1992) 
Successful Nesting Sites 
All of the nesting sites of kestrels in this study occurred in the coastal plains, south 
of the geographic Fall Line that runs through Georgia, beginning north of Augusta and 
continuing southwest to Columbus (Figure 5) Due to the preexisting population that has 
been monitored for more than 20 years in Fort Gordon (Denton 1975), nesting success 
and a higher nesting occupancy were expected for that area A pair that had nested 
successfully in Evans County in 1994 and 1995 (Breen 1995) was also successful in 1996, 
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but was unsuccessful in 1997. It was the first time in the four years of the study that a 
successful nest was not completed in Evans County. 
In 1996, we were fortunate to have learned about two pairs which have been 
nesting in the Plant Hatch Nuclear Power Station (Appling County) for the past three to 
four years, according to Byron Fiemster, the environmental specialist for the plant Mr 
Fiemster placed several nest boxes in the area after noticing resident kestrels nesting in an 
old Pileated Woodpecker hole excavated in a light pole near the plant's recreation area. 
Those two pair continued to use the area throughout the breeding season in 1997. 
In 1996, we found the first kestrels nesting in boxes in the Toombs County area at 
the Joseph Kennedy Correctional Institute Farm. We believe those kestrels came from the 
successful clutches in the Plant Hatch nest boxes in the previous years because the farm is 
only about 40km due north of the power plant. 
The power station in Bulloch County has housed a pair of kestrels for the last four 
years The pair was thought to have disappeared in 1995, but the pair has successfully 
nested in the crossbeams that support the power cables for the last two years. Due to its 
location, we were unable to check for eggs and nestlings, but we do know that a male and 
a female have fledged from the nest each year of our study. 
There are 15 boxes that are located at the Fort Stewart military installation, placed 
there because kestrels have been observed on the base during some summers. The first 
year of this study there was one nest box found to have three abandoned eggs near the end 
of July, when adult females were observed near the Camp Oliver contonement area In 
1997, four nesting attempts were made in nest boxes on the military base. Three at Camp 
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Oliver were unsuccessful due to predation, but one south of the camp fledged three 
kestrels. 
Nest Box Occupancy 
The first year of the project in 1994, two percent of the total boxes were used in 
Georgia (Breen 1995). Baseline data suggested only about ten breeding pairs of kestrels 
in Georgia in 1993 (B. Winn pers. comm.). Only 50 American Kestrels had been reported 
on over 110 Breeding Bird Survey routes in the past 30 years (B. Peterjohn pers. comm.) 
Compared to other nest box projects (Stahlecker and Griese 1979, Wilmers 1982, Varland 
and Loughlin 1993) nest box occupancy by kestrels was extremely low in all four years of 
studies in Georgia (2-10%). Nest box occupancy in other studies have ranged from 25% 
(Hamerstrom et al. 1973) to 73% (Stahlecker and Griese 1979); however, it should be 
noted that those studies involved erecting a much smaller number of boxes than in our 
studies. Hammerstrom and others (1973) in Wisconsin erected 50 nest boxes and 
Stahlecker and Griese (1979) erected 25 boxes. Occupancy at Fort Gordon, where only 
20% of the nest boxes have been erected, still only had an average occupancy of 28%, 
Fort Gordon, however, is the only area in Georgia where there are known to be at least 
ten pairs of kestrels nesting in a single area Overall, it seems that occupancy is increasing, 
beginning at 2% in 1994 (Breen 1995) and rising to 10% by 1997. The continual rise in 
kestrel nest box occupancy will be a helpful tool for properly managing breeding 
populations of southeastern American Kestrels in the Georgia coastal plains 
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Kestrel Nesting Success 
Overall, nesting success (percentage of nests that fledged at least one kestrel) 
averaged 75 4% for all areas in the study, similar to nesting success in other studies in 
North America (Toland and Elder 1987, Varland and Loughin 1993, Wilmers 1982). The 
Fort Gordon population maintained a similar average of 78% nesting success, whereas 
sites other than Fort Gordon, in Georgia, averaged about 72.5% It should be noted that 
the first year had 100% nesting success in nest boxes off-base, whereas in 1997, off-base 
nesting success dropped to 45.5% due to egg predation which occurred at three nest sites 
in Fort Stewart. 
Fort Gordon had 13 unsuccessful nesting attempts in the last two years of the 
study. A female was found dead on her eggs in 1996, the cause of death was not known, 
but no evidence of predation was apparent Six other nests were abandoned for no 
apparent reason Predation was responsible for the loss of four clutches One clutch was 
predated after one egg had hatched and all of the eggs but one were cracked in the box. 
In one clutch the young were banded and measured at approximately twenty-one days of 
age. Upon returning to the nest a week later, all five young were found dead in the nest 
box and ants had invaded the nest box. The cause of death was not apparent and it is not 
thought that the kind of ants that were in the box was responsible, since the ants had 
inhabited the box the entire time the young were in the box The male had not been seen 
around the nest box for several inspections and it is probable that the male had died and 
the female was incapable of rearing all of the young herself 
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Double Broods 
Two double broods occurred during the 1996 and 1997 breeding seasons and both 
took place at Fort Gordon, and both were equally successful. Double broods had been 
observed at Fort Gordon in 1995 (Breen and Parrish 1995), and have been documented in 
other studies (Stahlecker and Griese 1977, Toland 1983), In 1996, a nest was initiated on 
3 April 1996 and the second brood began on 20 June 1996, approximately 18 days after 
the young fledged from the first nest. In 1997, the female began to lay eggs on 16 March 
1997, fledging young around 18 May 1997. The second brood began on 7 June 1997, 
with young fledging around 10 August 1997. A second nesting attempt occurred in a nest 
box in which the female was earlier found dead on eggs, which began on 16 June 1996, 
and young began to fledge on 19 August 1996. At Fort Stewart, a clutch of eggs was 
predated and we moved the box from one pole to another about twenty yards away and 
placed two strips of 12 inch aluminum flashing on the pole in an attempt to prevent further 
predation. Once the re-nest was attempted, an unknown predator destroyed the eggs two 
weeks after the eggs were laid. 
Hatching Success 
A total of 55 of 71 (77%) nests were successful in hatching 84% (217 of 258) of 
the eggs laid in nests that successfully hatched at least one egg The hatching success was 
higher than in many nest box studies (Varland and Loughin 1993, Wilmers 1982, Toland 
and Elder 1987). Hatching success at Fort Gordon averaged 85.7% for the two years of 
the study, while the other sites in Georgia averaged 77% There was a significant 
difference in hatching success in 1996 than 1997 at Fort Gordon (X2=9.7, df=l, 
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p=0.0019). Hatching success was significantly different in 1996 (91 1%) compared to 
1997 (77.8 %) (X2=8.8, df=l, p=0 003), The 77 8% hatching success was similar to the 
success in 1995 of 74 6% (Figure 13, Breen 1995). As previously indicated, two of the 
1995 clutches were unsuccessful in fledging young Overall, 3.9 young hatched per nest in 
our study, similar to other studies that have taken place in North America (Bloom and 
Hawks 1983, Wheeler 1992). 
Fledging Success 
Average fledging success (percentage of young that fledged from eggs that 
hatched) was 86.2 % for the two years of the study. Fledging success for this study was 
somewhat lower than has been observed in other kestrel studies (Varland and Loughin 
1993, Wilmers 1982, Bloom and Hawks 1983, Wheeler 1992) Of 57 successful nests, an 
average of 3.3 young fledged per nest, also similar to other nest box studies conducted in 
North America (Varland and Loughin 1993, Wheeler 1992). 
Fledging success at Fort Gordon averaged 84.7 % for 1996 and 1997, while 
97.3% of the young fledged that hatched in sites other than Fort Gordon Breen (1995) 
reported a 100 % fledging success for areas other than Fort Gordon in 1995, and we 
continued to have 94.7 % in 1996 and 100 % success for 1997. At least three young were 
known to have been cannibalized in the nest boxes because the skeletons were removed 
from the nest box while, either inspecting the nest and measuring young, or removing old 
nest debris post-fledging. One observation was made while siblings were in the process of 
eating one of the dead fledglings. 
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Reproductive Success and Weather 
While kestrels had much more occupancy in both 1996 and 1997, and a stable 
hatching and fledging success, weather events in 1996 indicated that weather might prove 
to be a major factor for kestrel reproductive success and nesting chronology. Based on 
climate data provided from the Fort Gordon military installation, 1996 was not an 
extremely dry year overall; however, during the months of April, May, and June the 
amount of precipitation was nearly half that of normal. Precipitation accumulation for 
1994 was 20 9 cm, for 1995, 28.1 cm, for 1997, 22.1 cm, but for 1996, 12.4 cm of 
precipitation was accumulated during that time period. Nesting success remained 
relatively the same for these months in 1996, but fledging success dropped dramatically in 
nests which eggs were laid after 22 April 1996. Mean fledging success for nests begun 
before 22 April 1996 was 96%, but nests initiated after this date averaged 64.4% fledging 
success. We believe the dramatic drop in fledging success may be due to the lack of 
precipitation in April, May, and June of 1996. Mean temperatures for this three month 
span were 22 1 in 1994, 21 7 in 1995, 21.3 in 1996, and 19.9 degrees Centigrade in 1997 
These three months appear to be a vital time for nesting kestrels with feeding and high 
temperatures of the spring and summer taking a toll on young in nest boxes, as the parents 
constantly hunt for prey to feed their hungry nestlings 
In 1997, eleven nests were initiated in the month of March (Appendix 2), while in 
1996, there were no attempts at nesting in March. The earliest nest began 3 March 1997, 
nearly a full month earlier than the previous year. We also believe weather was a major 
contributing factor responsible for this action Mean temperatures were slightly lower for 
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the months of January, Febmary, and March in 1996 (8 .8 degrees Centigrade), than in 
1997 (11 4 degrees Centigrade), whereas precipitation accumulation was relatively similar 
for the same time periods in 1996 (26.7 cm) and 1997 (27.6 cm) There is no reason upon 
first glance to believe that weather may have anything to do with nest initiation, but when 
January's and February's measurements are compared, their mean temperatures were 7 8 
degrees Centigrade for 1996 and 9.8 degrees Centigrade for 1997, with slightly higher 
average temperatures, implying an earlier spring in 1997. Precipitation accumulated to 
13 5 cm in 1996, and rose to 21.7 cm in January and February of 1997 The late nest 
initiation and prolonged breeding season of 1996 may be a result of mild winter 
temperatures and cool early spring temperatures (Roest 1957). It would appear that nest 
initiation might be influenced by weather patterns in the early months of the breeding 
season. 
Kestrel Growth and Development 
The young kestrels seem to have development of the tarsus, toe, and body mass 
completed to their adult size half-way through the post-hatching period in the nest box 
when the young are unable to fledge or fly. The tarsus reached adult size by the 15-16 day 
period after hatching from an egg (Figure 6). The middle toe grew to adult size by the 13- 
14 day period after hatching (Figure 7) Adult body mass was completed by day 1 5 to day 
16 in our study (Figure 9) The development of the beak reached near the adult size by 
the time of fledging from the nest box (Figure 8) The beak, wing length, and body mass 
were significantly larger overall for females older than 15 to 16 days than males (Table 7) 
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Wing and tail measurements never reached adult size in the nest box, but fledging 
was successful, and the final emergence of the feathers must occur while the young kestrel 
is learning to hunt post-fledging from the nest box, with its parents. The emergence of the 
rectrices from the sheath began at the 11-12 day interval, similar to the emergence 
measured in the nestlings by others (Griggs and Steenhof 1993) (Figure 10) The wing 
length reached up to an average of 132.2 millimeters for males, and 142 8 millimeters for 
females by the 27-28 day interval (Figure 9), the period when fledging from the nest 
begins to take place. The tail length grew to a mean of 87 5 millimeters for females and 
82 millimeters for males in the 27-28 day interval (Figure 11). Although the rectrices. and 
remiges, were not fully emerged from the sheath, the young kestrels are still obviously 
capable of flight. 
Conclusions on Breeding Kestrels in South Georgia 
Due to the fact that nest boxes are readily used by kestrels in south Georgia, it 
appears that nest sites may be a limiting factor for the kestrel. Based on size comparisons, 
non-migratory habits, and the habitat used by the kestrels found in both the initial study 
conducted by Tim Breen (1995) and the one completed by myself, we would conclude 
that the kestrels nesting in south Georgia are the southeastern subspecies, Falco 
sparverins paulus. An estimated forty pairs attempted to nest in structures made by 
humans in south Georgia in 1997 (Appendix 2), the highest number ever recorded in 
Georgia (Table 2). More than 189 young kestrels have successfully fledged from nests 
laid in artificial nest structures in the past two years of the study (Appendix 1 and 2) 
With the continuation of the nest box project, and a continual increase in nest box 
occupancy for the nest boxes, it appears the American Kestrel has a promising future 
the Coastal Plain of Georgia. 
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Figure 1. Nest Box Construction Design Number 1. 
Dimensions: 23 X 23 X 37.5 cm 
Front Side 
Figure 2. Kestrel Nest Box Design Number 2. 
Dimensions: 23 X 23 X 37.5 cm 

Figure 3. Kestrel Nest Box Design Number 3. 




Figure 4. Nest box locations in South Georgia. 

Figure 5. Nest site locatioi 
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Figure 6. Size comparisons of the male and female American Kestrel tarsus in 







Figure 7. Size comparisons of the male and female American Kestrel middle toe in 






Figure 8. Comparisons of male and female beak sizes in different developmental 
stages and adulthood 
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Figure 9. Body mass comparisons of male and female American Kestrels in different 




Figure 10. Comparisons of male and female American Kestrel wing lengths in 




SO QC ■ i <N •rt 









CN <N CN TD 
ro 
i r- < 




Figure 11. Comparisons of the male and female American Kestrel tail emergence in 
different developmental stages 
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Figure 12. Comparisons of male and female American Kestrel tail lengths in 
different developmental stages 
Male 
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Figure 13. Nesting, hatching and fledging success of American Kestrels 1994-1997 
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Table 1. The use of nest boxes by Southeastern American Kestrels in the Georgia 
Coastal Plain in 1996 and 1997 breeding seasons. 
No. Boxes No Boxes Percent (%) Percent Percent 
Location Available Used Boxes Used (%) (%) 
1996 1997 1996 1997 1995a 1994a 
Fort Gordon 102 28 30 27 5 29 4 21 1 10 3 
Other Boxes 300 4 9 1.3 3.0 
Total 402 32 39 8.0 9.7 4 2 2 2 
a Data from Breen (1995) 
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Table 2. Nesting Success of Southeastern American Kestrels nesting in southern 
Georgia during the Spring and Summer of 1996 and 1997. 








1996 28 22 78.6 
1997 31 24 77.4 
1996 100 











Table 3. Hatching success of Southeastern American Kestrels on the Georgia Coastal 
Plain during the 1996 and 1997. 
No. Nests No. Eggs No Hatch Percent Percent Percent 
Location 
1996 1997 1996 1997 1996 1997 1996 1997 1995J 1994a 
Fort Gordon 22 2 5 1 00 1 2 1 93 9 5 9 3 03 7 8 5 " 73.1 23 1 
Other Boxes 5 3 23 14 19 10 82.6 714 100 0 
Total 27 28 123 135 112 105 91 la 77 8a 74.6 16 7 
a Data from Breen (1995) 
Table 4. Fledging success of Southeastern American Kestrels along the Coastal Plain 
of Georgia in the Spring and Summer of 1996 and 1997 
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No Fledge No. Fledge Percent Percent Percent Percent 
Location 
1996 1997 1996 1997 1995a 1994a 
Fort Gordon 76 83 81.7 87.4 73.1 100 
Other Areas 18 10 94.7 100 100 0 
Total 94 93 83.9 88.6 
a Data from Breen (1995) 
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Table 5. Sex ratios of total fledged young Southeastern American Kestrels from nests 
along the Coastal Plain of Georgia in 1996 and 1997. 
No. No. No. Percent Percent 
Location Fledged Males Females Males Females 
Fort Gordon i59a 79 68 53 7 47.3 
Other Sites 32a 15 12 55.6 44 4 
Total i9ia 94 80 54 0 46 0 
a Number fledged is more than number of males and females because sex was not 
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Breeding record of American Kestrels nesting in the Coastal Plain of Georgia in 1996 













1-18 3 April 1996 5 3 Mav 1996 5 2 June 1996 5 7 FG 
2-125 4 April 1996 5 4 Mav 1996 4 3 June 1996 4 IF FG 
3-13 3 April 1996 5 3 Mav 1996 4 2 June 1996 4 2M2F FG 
4-26 11 April 1996 4 11 Mav 1996 4 10 June 1996 4 1M2F FG 
5-399 11 April 1996 4 11 May 1996 4 10 June 1996 4 1M 2F FG 
6-2BK 13 April 1996 5 13 Mav 1996 5 12 June 1996 5 2M 3F FG 
7-2LF 19 April 1996 5 19 Mav 1996 5 18 June 1996 5 1M4F FG 
8-4 20 April 1996 5 20 Mav 1996 5 19 June 1996 4 4M FG 
9-205 20 April 1996 5 20 Mav 1996 5 19 June 1996 5 3M 2F FG 
10-7 21 April 1996 5 21 May 1996 5 20 June 1996 4 1M 3F FG 
11-13 21 April 1996 5 21 Mav 1996 5 20 June 1996 5 2M 3F FG 
12-6 21 April 1996 5 21 Mav 1996 5 20 June 1996 5 3M 2F FG 
13-209 22 April 1996 3 22 Mav 1996 3 21 June 1996 1 1M FG 
14-10 22 April 1996 5 22 Mav 1996 5 21 June 1996 4 1M 3F FG 
15-20 25 April 1996 3 25 May 1996 3 24 June 1996 2 2M FG 
16-208 25 April 1996 5 25 May 1996 4 24 June 1996 1 1M FG 
17-275 26 April 1996 4 26 May 1996 4 25 June 1996 2 2F FG 
18-203 26 April 1996 5 26 May 1996 5 25 June 1996 5 5M FG 
19-23 27 April 1996 4 27 May 1996 3 26 June 1996 2 2M FG 
20-21 30 April 1996 4 30 Mav 1996 3 29 June 1996 1 1M FG 
21-206 16 June 1996 5 16 July 1996 4 15 Aug 1996 1 IF FG 
22-123 20 June 1996 4 20 July 1996 3 19 Aug 1996 3 1M 2F FG 
23-PH1 16 April 1996 4 16 Mav 1996 4 15 June 1996 4 3M IF PH 
24-PH2 18 April 1996 5 18 Mav 1996 5 17 June 1996 5 4M IF PH 
25-130 27 April 1996 5 27 Mav 1996 5 26 June 1996 4 1M 3F TC 
26-129 2 May 1996 4 2 June 1996 1 1 Julv 1996 1 1M TC 
27-152 2 Mav 1996 5 2 June 1996 4 1 Julv 1996 4 1M 3F EC 
Totals 
Fort Gordon 100 93 76 34M 32F 
Other Areas 23 19 18 10M 8F 
All Areas 123 112 94 44M 40F 
28-PS 10 April 1996 2+ 10 Mav 1996 2+ 9 June 1996 2 1M IF BC 
125+ 114+ 96 45M 4IF 
Unsuccessful Attempts 
1-400 25 April 1997 4 26 May 1997 0 Abandoned FG 
2-200 25 April 1997 5 25 Mav 1997 0 Predated FG 
3-206 26 April 1997 4 28 Mav 1997 0 Female died FG 
4-119 28 April 1997 5 30 Mav 1997 0 Predated FG 
5-215 1 Mav 1997 1 3 June 1997 0 Abandoned FG 
6-300 6 Mav 1997 1 8 June 1997 0 Abandoned FG 
145+ 114+ 96 45M 4IF 
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Appendix 2 
Breeding record of Southeastern American Kestrels on the Coastal Plains of Georgia during the Spring 
and Summer of 1997. 
Box no. 1st egg laid No. 
eKKs 
lsl egg hatch No. 
hatch 





1-3&6 7 March 1997 4 9 April 1997 3 10 Mav 1997 3 Y 1M 2F FG 
2-2(BK) 16 March 1997 5 22 April 1997 5 18 Mav 1997 3 Y 1M 2F FG 
3-13 20 March 1997 4 19 April 1997 1 16 Mav 1997 1 Y 1M FG 
4-210 20 March 1997 5 25 April 1997 5 24 Mav 1997 4 Y 2M2F FG 
5-209 24 March 1997 5 25 April 1997 4 24 Mav 1997 4 Y 3M IF FG 
6-300 24 March 1997 5 26 April 1997 3 24 Mav 1997 3 Y 2M IF FG 
7-24 24 March 1997 5 1 May 1997 5 2 June 1997 5 Y 4M IF FG 
8-206 24 March 1997 5 26 April 1997 5 25 Mav 1997 Y 3M2F FG 
9-7 25 March 1997 5 28 April 1997 5 26 Mav 1997 5 Y 3M2F FG 
10-404 26 March 1997 5 1 Mav 1997 5 3 June 1997 5 Y 3M2F FG 
11-26 28 March 1997 5 26 April 1997 5 26 Mav 1997 5 Y 5M FG 
12-275 1 April 1997 5 7 Mav 1997 3 3 June 1997 3 Y 2M IF FG 
13-14 1 April 1997 5 3 May 1997 4 2 June 1997 4 Y 4F FG 
14-123 1 April 1997 5 3 Mav 1997 3 3 June 1997 3 Y 2M IF FG 
15-208 4 April 1997 5 8 Mav 1997 2 8 June 1997 N ■) FG 
16-203 5 April 1997 5 8 Mav 1997 5 8 June 1997 5 Y 1M4F FG 
17-408 5 April 1997 5 3 May 1997 5 2 June 1997 4 Y 2M2F FG 
18-407 6 April 1997 5 10 Mav 1997 3 8 June 1997 1 Y 1M FG 
19-15 8 April 1997 5 14 Mav 1997 4 13 June 1997 4 Y 3M IF FG 
20-9 13 April 1997 5 17 May 1997 5 15 June 1997 5 Y 2M 3F FG 
21-2N3 24 April 1997 5 27 May 1997 4 25 June 1997 4 2 2M 2F FG 
22- 205 7 Mav 1997 5 10 June 1997 3 8 July 1997 3 Y 2M IF FG 
23-2* 7 June 1997 3 11 July 1997 2 10 Aug 1997 Y 2F FG 
24-PH1 15 March 1997 5 18 April 1997 4 20 Mav 1997 4 N •) PH 
25-128 25 March 1997 5 30 April 1997 4 1 June 1997 4 Y 3M IF TC 
26-FSO 30 March 1997 4 30 April 1997 2 30 Mav 1997 Y 2F FS 
Fort Gordon 111 89 83 45M 36F 
Other Areas 14 10 10 3M 3F 
All Boxes 125 99 93 48M 39F 
27-PS 25 March 1997 2+ 27 April 1997 2+ 25 Mav 1997 2 N 1M IF BC 
28-PH2 20 March 1997 ? 22 April 1997 20 Mav 1997 N ? PH 
127+ 111 + 95 49M 40F 
65 
Unsuccessful Attempts 
1-125 15 March 1997 5 24 April 1997 1 20 May 1997 0 N FG 
2-4 22 March 1997 5 25 April 1997 5 23 May 1997 0 Y 4M IF FG 
3-402 23 March 1997 5 24 April 1997 0 FG 
4-412 24 March 1997 1 26 April 1997 0 FG 
5-20 20 April 1997 2 23 May 1997 0 FG 
6-6 1 May 1997 3 2 June 1997 0 FG 
7-53 27 April 1997 2 30 May 1997 0 EC 
8-CORP 30 April 1997 5 31 May 1997 0 FS 
9-CORT 15 April 1997 4 15 May 1997 0 FS 
10-CRT 15 May 1997 4 17 June 1997 0 FS 
11-130 1 April 1997 5 3 May 1997 0 TC 
12-149 6 March 1997 5 8 April 1997 0 TAC 
13-277 7 May 1997 4 10 June 1997 0 FG 
50 6 0 4M IF 
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